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(54) Fluorescent group-containing carbodiimide compound 



wherein R is an alkyl group, -COO-. -OCO-, 
-NHS0 2 -, and - S0 2 NH-; 
*n is 0 or 1; 

W represents a direct bond or a quaternary ammo- 
nium group; 

Y 1 , Y 2 and Y 3 each represents an alkylene group 
which may have a functional group in its main chain; 
and 

B represents H or a monovalent organic group 
which may be the same as or different from that rep- 
resented by -W-Y 1 -[A] n -F. 
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(57) Using the fluorescent group-containig carbodi- 
imide compound represented by the following formula 
(I) as the label and the like in the nucleic acid detection 
method, immunoassay, or chemi luminescence assay, 
labeling can be made efficiently for a short time, a nu- 
cleic acid derived from nature can be labelled, and high- 
ly sensitive assay is enabled. 

B-Y^N^N-Y^W-Y 1 -[A] n -F (I) 

wherein F represents a fluorescent group; 
A represents a moiety selected from the group con- 
sisting of -CH 2 - : -NHCO-, -CONH-, -O-, -S-, -NR- 
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F represents a fluorescent group; 

A represents a moiety selected from the group consisting of -Chfe-. -NHCO-, -CONH- -O- -S- -NR- wherein R 

is an alkyl group, -COO-, -OCO-, -NHS0 2 -, and - S0 2 NH-; 

nisOorl; 

W represents a direct bond or a quaternary ammonium group: 

Y 1 , Y 2 and Y 3 each represents a group having the following formula (L): 



-(CH 2 ) p -L-(CH 2 ) q - (L) 

wherein L is a direct bond or a moiety selected from the group consisting of -NHCO-, -CONH-, -O-, -S-, -NR-, - 
N + RR'-, wherein R' is an alkyl group, -COO, and -OCO-; p and q each represents an integer of from' 1 to 12; and 
B represents a hydrogen atom or a monovalent organic group which may be the same as or different from that 
represented by -W-Y 1 -[A] n -F in the formula (I). 

The present invention also provides the fluorescent group-containing carbodiimide compound represented by the 
following formula (II): 



R 1 R* 

B-Y 3 -N = C=N-Y^N^Y ! -A-F (II) 

x- 

wherein R' and R 2 each represents a straight-chain or branched, saturated or unsaturated aliphatic hydrocarbon group 
having from 1 to 6 carbon atoms, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl 
group, a substituted or unsubstituted aralkyl group, or a nitrogen containing heterocyclic group formed by R1 and R 2 
which are bound to each other; X* represents a halogen atom or a sulfonate ion; and B, Y 1 , Y 2 , Y 3 , A and F have the 
same definition as in the above formula (I). 

The present invention also provides the fluorescent group-containing carbodiimide compound represented by the 
above formula (II) which is a compound represented by the following formula (III): 

R 2 R l R 2 

F - A-Y l -N-Y*-N = C =N-Y^N^Y l -A-F (HI) 

. x- x- 

wherein R 1 , R 2 , X", Y 1 , Y 2 A and F have the same definition as in the above formula (II). 

The present invention also provides the fluorescent group-containing carbodiimide compound represented bv the 
formula (IV): 7 

B-Y 3 -N=C=N-F* ()V) 
wherein B and Y 3 have the same definition as in the above formula (I); 

F represents a moiety selected from the group consisting of a coumarin derivative, a pyrene derivative, a perylene 
derivative, a rhodamine derivative, a dansyl derivative, an oxazole derivative, and a thiazole orange derivative. 

The present invention also provides the fluorescent group-containing carbodiimide compound represented bv the 
formula (V): 



B-Y 3 -N=C=N-Y 2 -A-F (V) 



wherein B. Y 2 , Y 3 , A and F have the same definition as in the above formula 



(I). 
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H H 

B ~ Y - N - C - N - Y 1 - A - F 

!! (XIII) 

Z 

wherein A, B, F, Z, Y 2 , and Y 3 have the same definition as in the above formulae (XI) and (XII). 

Further, the present invention relates to a method for detecting a nucleic acid by hybridization using a labelled 
nucleic acid, wherein the above-described fluorescent group-containing carbodiimide compound is used as the label. 

Furthermore, the present invention relates to a method for immunoassay using a labelled antigen or a labelled 
antibody, wherein the above-described fluorescent group-containing carbodiimide compound is used as the label. 

Moreover, the present invention provides a method for peroxalate ester chemiluminescence assay utilizing chemi- 
lummescence due to a reaction between an oxalic acid derivative and a peroxide in the presence of a fluorescent 
substance, wherein the fluorescent substance is the above-described fluorescent group-containing carbodiimide com- 
pound having the fluorescent moiety selected from the group consisting of a coumarin derivative, a pyrene derivative, 
a perylene derivative, ~ rhodamine derivative, adansyl derivative, an oxazole derivative, a thiazole orange derivative! 
a cyanine compound, a benzothiazole derivative, a benzoxazole derivative, a benzoxadiazol derivative, a dipyrrometh- 
ene borondifluoride derivative, and a fluorescent rare earth metal chelate compound. 

The fluorescent group -containing carbodiimide compound represented by the formula (I) according to the present 
invention is a compound having a carbodiimide group which is highly reactive with a nucleic acid base, and a fluorescent 
moiety which has highly sensitive detection reactivity. It is useful as a label used in a nucleic acid detection method or 
a immunoassay, or a fluorescent substance used in a chemiluminescence assay. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The embodiments of the present invention will be described in detail below. 

(1) Fluorescent group-containing carbodiimide compound of the invention 
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The fluorescent group-containing carbodiimide compound of the present invention has the structure represented 
by the formula (I). Any of such a compound can be used as long as it has the structure in which a fluorescent moiety 
(F) is bound to a carbodiimide group optionally via a linker and the like. 

The fluorescent moiety (F) in the formula (I) is not particularly limited as long as it is a fluorescent substance. 
Examples thereof include a moiety, selected from the group consisting of a coumarin derivative, a pyrene derivative, 
a perylene derivative, a rhodamine derivative, a dansyl derivative, an oxazole derivative, a cyanine compound, a ben- 
zothiazole derivative, a benzoxazole derivative, a benzoxadiazol derivative, and a dipyrromethene borondifluoride de- 
rivative. Such a fluorescent substance that its fluorescence intensity is increased by binding or intercalating to DNA or 
RNA : for example, a thiazole orange derivative, can also be used. 

Further, a fluorescent rare earth metal chelate compound can be used. This compound is advantageous in that it 
enables the time-course degradation analysis because a metal ion which is stable for a long time is used as a fluorescent 
group and the compound has long fluorescence lifetime. Further, occurrence of background is infrequent and it can 
be easily detected even in a trace amount because an emission maxima is 500 nm or more as well as there is a large 
gap between the wavelength of the excitation light and the emitted light. 

Specifically, the fluorescent moieties selected from the following groups represented by the lormula (F) are pref- 
erably used: r 



so 
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-NR-, wherein R is an alkyl group, -COO-. -OCO-, -NHS0 2 -, and - S0 2 NH-, preferably -CH 2 -, -NHCO-, -CONH- and 
the like. Examples of the alkyl group include a straight-chain or branched alkyl group having from 1 to 6 carbon atoms 
n is O or 1 . i.e., the moiety of A is optional in the compound represented by the formula (I). 
W represents a direct bond or a quaternary ammonium group. 

V , Y2 and are a linker portion which binds a carbodiimide group to B, -A-F, or the like, and each represents a 
group shown by the formula (L). In the formula (L), L is a direct bond or a moiety selected from the group consisting 
of -NHCO-, -CONH-, -O-, -S-, -IMR-, -N+RR-, wherein R is an alkyl group, -COO, and -OCO-. Examples of the alkyl 
group include a straight-chain or branched alkyl group having from 1 to 6 carbon atoms, p and q each represents 0 or 
an integer of from 1 to 12. Preferable examples of Y\ Y* and Y 3 include a direct bond or an alkylene group have 1 to 
12 carbon atoms which may optionally have a methyl group as a side chain or in the main chain. Examples of the 
alkylene group include methylene, ethylene, trimethylene, 1-methyltrimethylene, tetramethylene, 1 -methyltetrameth- 
ylene, 2,2-dimethyltrimethylene, pentamethylene, and the like. These alkylene groups may be bound to each other 
through a moiety selected from the group consisting of -NHCO-, -CONH-, -O-, -S-, -NR-, -N + RR\ -COO-, and -OCO- 

B represents a hydrogen atom or a monovalent organic group. The monovalent organic group may be the same 
as or different from -W-Y^-A-F in the formula (I). Preferably, it represents an alkyl group, a tertiary amino group or a 
quaternary ammonium group. More preferable examples thereof are listed below. 

(A) A nitrogen-containing heterocyclic group in which a nitrogen atom may be quatemarized with a hydrogen atom 
a saturated or unsaturated hydrocarbon group, an aryl group, an aralkyl group, or an organic group having a 
fluorescent group F, such as a pyridyl group, a pyridinium group, a pyrrolidyl group, a pyrrolidinium group a pip- 
eridilyl group or a piperidinium group, particularly, 2-, 3-, or 4-pyridyl group, or pyridinium group, 2- or 3-pyrrolidyl 
group or pyrrolidinium group, or 2-, 3-, or 4-piperidilyl group or piperidinium group, in which a nitrogen atom may 
be quatemarized with a C r C 10 alkyl group, such as a methyl group; ~ 

(B) An amino group in which a nitrogen atom may be quatemarized with a hydrogen atom, a saturated or unsatu- 
rated hydrocarbon group, an aryl group, an aralkyl group, or an organic group having a fluorescent group R par- 
ticularly, an amino group in which a nitrogen atom may be quatemarized with a group containing a <VC 10 alkyl 
group, specifically a dimethyiamino group, a diethylamino group, and a diisopropylamino group. 

(C) A heterocyclic tertiary amino group, a heterocyclic tertiary or quaternary ammonium group, represented by the 
following formula: 




wherein R* and R* each represents a hydrogen atom, a C r C 10 straight-chain or branched aliphatic hydrocarbon 
group, a substituted or unsubstrtuted aryl group, or a substituted or unsubstituted aralkyl group, particularly, a C r 
C 10 alkyl group, a phenyl group, or a phenyl group substituted with a C r C 10 alkyl group. Q represents an anion 
such as a sulfate ion. an alkylsulfate ion, an arylsulfate ion, a ha tosulfate ion, a halide ion, and the like. R 5 represents 
an oxygen atom, a sulfur atom, or a methylene group, m is O or 1 . Specifically, a group represented by the following 
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structure symmetrical about the carbodiimide group, which is, for example, represented by the formula (III). 



R 1 R 2 R 1 R 2 

F-A-Y I -N-Y 2 -N = C=N-Y 2 -N-Y 1 -A 

x- x- 



(III) 



Specific examples of the compounds represented by the formulae (II and (III) are shown below. 
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wherein Me represents a methyl group, and TsO* represents a p-toluenesulfonate ion. 
(c) Compounds represented by the formula (V) 

B-Y 3 -N=C=N-Y 2 -A-F (V ) 

In the formula (V), specific examples of A, B, Y^, and Y 3 are the same as those in the above formula (I). A preferably 
represents -NHCO- or -CONH-. The fluorescent group F can be selected from those described in (a) above, preferably, 
a coumarin derivative, a pyrene derivative, a perylene derivative, a rhodamine derivative, a dansyl derivative, an ox- 
azole derivative, a cyanine compound, a benzothiazole derivative, a benzoxazole derivative, a benzoxadiazoi deriva- 
tive, a dipyrromethene borondifluoride derivative, a fluorescent rare earth metal chelate compound, and the like. Spe- 
cific examples of these compounds represented by the formula (V) are shown below 
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For example, as shown in the reaction formula below, an amine compound (a) is condensed with urea to give a 
1 -substituted urea (b), which is reacted with the second primary amine (c) which may be same as or different from the 
amino compound (a), to synthesize a 2-substituted urea intermediate (d). Namely, the amine compound (a) or a salt 
thereof is reacted with urea for several hours under heating in water or an appropriate solvent, then the 1 -substituted 
urea (b) is isolated or add the other or the same amine compound in the reaction mixture, and the reaction is allowed 
to proceed under the same conditions to synthesize the 2-substituted urea intermediate [T. L Davis and K. C. Blanchard, 
Org. Synth. Coll., Vol. 1, 453 (1941)]. 

B-Y 3 -NH 2 — B-Y 3 -NHCNH 2 - B - Y 3 -N H C N H - Y 2 -W 

II il 
H2NCNH2 0 W-Y 2 -NH 2 O 

Ca) || (b) (c) (d) 



The 1 -substituted urea (b) is reacted with the second amino compound (c) under the same conditions, wherein 
the 1 -substituted urea (b) may be isolated prior to the reaction or the second amino compound (c) may be added in 
the reaction mixture containing 1 -substituted urea (b). Alternatively, the 1 -substituted urea (b) can be synthesized by 
reacting the amine compound (a) with a cyanic acid or its salt [F. Kurzer, Org. Synth. ColL, Vol. 4, 49 (1963)]. 



B — Y 2 — N H : — B - Y 3 - N H C N H 2 

. II " 

2s X N C 0 O 

Ca; :.b) 



The thus-obtained 1 -substituted urea derivative (b) can be converted into the 2-substituted derivative (d) by the 
30 above -described method. The 2-substituted urea derivative (d) can be directly obtained by utilizing reaction between 
an amine compound (a) or (c) and an isocyanate compound (e) [J. H. Saunders and R. Slocombe, Chem Rev 43 
203(1948)]. 
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B-'Y'-NHi + W-Y 2 -NCO - B-Y J -NHCNH-Y 2 -W 

II 

(a) (e) (d) 



B-Y 3 -NCO + W'-Y^NH: - B - Y 3 - N H C N H - Y 2 - W 

II 

< e > . CO (d) 

On the other hand, a thiourea derivative (g) is generally synthesized by reacting an amine compound with an 
isothiocyanate compound (f) [N. A. Ivanov, R. V. Viasova, V A. Gancharava, and L N. Smirov, Izv Vyssh. Uchebn. 
Zaved. Khim. Khim. Tekhnol., 19(7), 1010 (1976)]. 



B - Y 3 - N H 2 + W" - Y 2 - N = C = S - B-Y L NHC N H - Y l -W* 

II 
S 
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F-A-Y'-X 

B-Y S -N = C =N-y 2 -W — B-Y'-N=C=N-Y'-W-Y 1 -A-F 

These reaction steps can be carried out by the known methods using a solvent commonly used such as dimeth- 
ylformamide (DMF), acetone, benzene, dimethylsulfoxide (DMSO), dichloromethane, and the like. The above-de- 
scribed reaction between the carbodiimide group-containing compound (VI) and the fluorescent group-containing com- 
pound (VII) can be earned out using a solvent commonly used such as dimethylformamide, dichloromethane DMSO 
and the like. ' 

Further, the resulting fluorescent group-containing carbodiimide compound is reacted with methyl p-toluenesuf- 
onate (TsOMe), methyl iodide, dimethylsulfate, or the like in a solvent such as dimethylfoimamide to introduce a qua- 
ternary ammonium group into the portion of B, thereby obtaining the fluorescent group^ontaining carbodiimide corn- 
's pound which have improved water-solubility. 

The amine compound to be used is a compound having a substituted or unsubstituted amino group such as 4- 
(3-aminopropyl)morpholine, N,N-dimethylpropanediamine, snd the like. 

The isocyanate compound includes cyclohexylisocyanate, n-butylisocyanate, and the like. . 
The isothiocyanate compound includes dialkylamino group containing isothbeyanate compounds alkylaminoi- 
sothiocyanate compounds, and the like. Specific examples thereof are 3-dimethylaminopropylisothiocyanate 3-diethvl- 
aminopropylisothiocyanate, and the like. 

Examples of the fluorescent group-containing compound (VII) include 4-bromomethyl-7-methoxycoumarin N-((2- 
(icdoacetyl)-ethyl)-N-methyl)amino-7-nitrobenz-oxa -1 ,3-diazole, 5-iodoacetamidotetramethylmodamine, and the like. 



20 



2S 



30 



3S 



4S 



SO 



SS 



(ii) Process for producing compounds represented by the formula (IV) 

The process for producing the fluorescent group-contaiing carbodiimide compound represented by the formula (I) 
which is a compound represented by the formula (IV) is illustrated below. 

The fluorescent group-contaiing carbodiimide compound represented by the formula (IV) can be produced by the 
method comprising a step of reacting the amino group-rontaining fluorescent compound represented by the formula 
(VIII) with the iso(th.o)cyanate compound represented by the formula (IX) to synthesize a (thio)urea compound repre- 
sented by the formula (X). In other words, an amine derivative is reacted with an iso(thio)cyanate compound to lead it 
to a urea or a thiourea derivative, followed by dehydration or oxidative desulfurization to form a carbodiimide group 

This reaction is shown in the following reaction formula: 



r-N'll: 

B-Y J -N = C= 0 - B-Y'-NHCNH-F - B - Y 1 N = C = N f 

40 || lN r 

o 
Cd) 



F-NH: 

B-Y'-N = C = S - B-Y'-NH C NH-F - B - Y 1 - N = C = N - F ' 

II 
S 

(g) 

The synthesis of the carbodiimide group-containing compound from the urea derivative (d) by dehydration can be 
eas.ty effected by heating the urea derivative with p-toluenesulfonic chloride (TSCI) in the presence of a tertiary amine 
in the same manner as described in the synthesis of the compound represented by the formula (II) It can also be 
carried out using p-toluenesulfonic chloride and potassium carbonate in the presence of a quaternary ammonium salt 

Generally, the thiourea derivative (g) can be desulfurized using mercury oxide as a desulfurizing agent in the same 
manner as desenbed in the synthesis of the compound represented by the formula (II). Solvents preferably used in 
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preferably used in this reaction include ether, benzene, acetone, and the like. Examples of the desulfurizing agent in 
addition to mercury oxide include lead oxide, zinc oxide, lead carbonate, lead nitrate, lead chloride, and the like. It can 
be synthesized by using sodium chloride under alkaline conditions. For example, the thiourea derivative is allowed to 
react with sodium hypochlorite, sodium carbonate, and copper chloride in a solvent such as methylene chloride at 0°C 
or less over a day and a night, followed by carrying out isolation and purification by the conventional methods to obtain 
the carbodiimide compound (V). These reaction steps can be carried out by the known methods using a solvent com- 
monly used such as dimethylformamide (DMF), acetone, benzene, dichloromethane, and the like. 

Further, the resulting fluorescent group-containing carbodiimide compound may be reacted with methyl p-tolue- 
nesufonate (TsOMe), methyl iodide, dimethylsulfate, or the like in a solvent such as dimethylformamide to introduce a 
desired quaternary ammonium group. 

The amino group-containing fluorescent compound (XI) and the iso(thio)cyanate compound (XII) can be selected 
depending on a desired structure of the fluorescent group-containing carbodiimide compound. Examples of the amino 
group-containing fluorescent compound (XI) include N-pyrenyl-6-aminocaprylamide, N-perylenyl-6-aminocaprylarriid3, 
and the like. These amino group-containing fluorescent group can be obtained by reacting a fluorescent compound 
such as traminopyrene, 1-aminoperyiene, and the like, with a carboxyl group-containing compound such as 6-amino- 
caproic acid in the conventional manner. 

Examples of the iso(thio)cyanate compound (XII) include 3,3-dimethylaminopropylisocyanate, 3,3-diethylaminc . 
propylisocyanate, £morpholinopropylisocyanate, 3,3-dimethylaminopropylisothiocyanate, 3,3-diethylaminopropyii- 
sothiocyanate, 3-mdrpholinopropylisothiocyanate, and the like. 

The fluorescent group<:ontaining carbodiimide compound of the present invention obtained by the above methods 
can be suitably used as the label in a nucleic acid detection method and immunoassay In this case, the fluorescent 
group-containing carbodiimide compound of the present invention can be brought into contact with a nucleic acid such 
as DNA or a protein such as antigen or antibody to be labelled by mixing these compounds in a solvent to bind to each 
other. Namely, a fluorescent substance, which is a highly sensitive detection reagent, can be attached as the label to 
a substance to be labelled including a nucleic acid or a protein by binding the carbodiimide group, which is highly 
reactive with a nucleic acid base, of the fluorescent group-containing carbodiimide compound of the present invention 
to the nucleic acid or the protein. In the case of binding the fluorescent group-containing carbodiimide compound of 
the present invention to a nucleic acid or a protein : the carbodiimide group is preferably contacted under its reactive 
condition, for example, under alkaline conditions such as about pH 7.5 to 8.5. 

(3) Nucleic acid detection method of the invention 

. The fluorescent group-containing carbodiimide compound of the present invention can be used as the label in the 
nucleic acid detection method by hybridization using a labelled nucleic acid. Namely, the nucleic acid labelled with the 
fluorescent group-containing carbodiimide compound can be used as a probe for hybridization. The nucleic acid to be 
assayed can be detected by allowing the nucleic acid to hybridize with the probe to form a nucleic acid-nucleic acid 
hybrid, removing free probe from the system, and detecting the label contained in the hybrid. In the present invention, 
the fluorescent group-containing carbodiimide compound used as the label can be directly detected by measuring 
fluorescence intensity using a fluorospectrophotometer, a fluorospectrophotometer for 96-well microtiter plate, a fluo- 
rescence microscope, and the like. The nucleic acid to be assayed is usually immobilized on a membrane such as 
nylon membrane and nitrocellulose, or a microtiter plate, prior to measure. 

For hybridization in the nucleic acid detection method according to the present invention, any common nucleic 
acid hybridization method can be used, including colony hybridization, plaque hybridization, dot blot hybridization, 
Southern hybridization, Northern hybridization, and the like, except for using the fluorescent group-containing carbo- 
diimide compound as the label for a nucleic acid probe. The nucleic acid to be assayed may be either DNA or RNA. 
The nucleic acid used as a probe may also be either DNA or RNA. 

Labeling of a nucleic acid used as a probe can be preferably carried out by binding the label to polynucleotide or 
oligonucleotide using the above method. Alternatively, labelled nucleotide can be incorporated into polynucleotide or 
oligonucleotide by the polymerase reaction. 

(4) Immunoassay of the invention 

The above-described fluorescent group-containing carbodiimide compound of the present invention can be used 
as the label in immunoassay using a labelled antigen or a labelled antibody. 

When an antigen is to be assayed, it can be detected by labeling an antibody which is specifically bound to the 
antigen, forming an antigen -antibody complex, then removing free antibody from the system, and detecting the label 
contained in the complex. In the present invention, the fluorescent group-containing carbodiimide compound to be 
used as the label can be directly detected by measuring fluorescence intensity using a fluorospectrophotometer, a 
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EXAMPLE 

In the following, Examples of the present invention is provided. 
S EXAMPLE 1 

A fluorescent group-containing carbodiimide compound of the present invention was synthesized in the following 
manner. This reaction is illustrated in the following reaction formula (1). 

10 (1 ) Synthesis of thiourea compound 

In 15 ml of dry methylene chloride was dissolved 1.4 g (10 mmol) of 3-(dimethylamtnopropyl)isothiocyanate and 
the mixture was cooled in ice. After adding 1.4 g (10 mmol) of N-^-aminopropyOmorpholine, the mixture was stirred 
overnight at room temperature. Water was added to the reaction mixture and subjected to extraction with methylene 
is chloride (5 ml x 3 times). After dried over anhydrous potassium carbonate, the resulting mixture was concentrated to 
obtain 2.7 g (yield: 98%) of N-[3-(dimethylamino)]propyl-N'-(3-morpholino)propylthiourea (Compound (1) in the follow- 
ing Reaction formula (1). NMR spectrum data of this compound are shown below 

1 H-NMR (CDCI 3 ): 5 = 1 .70-1 .80 (m, 4H), 2.24 (s, 6H), 2.40-2.50 (m, 8H), 3.30-3.70 (m, 4H), 3.73 (t, 4H), 6.6-9.5 (m, 2H). 

20 (2) Synthesis of carbodiimide group-containing compound 

In 35 ml of acetone was dissolved 2.7 g (1 0 mmol) of N-[3-(dimethylamino)]propyl-N'-(3-morpholino)propyl -thiou- 
rea (Compound (1)). Further, 4.2 g (20 mmol) of mercury oxide was added, and the resulting mixture was stirred for 2 
hours under reflux. Then, the reaction mixture was allowed to cool and filtered. The solvent was distilled off to obtain 
2S a crude product. This product was evaporated under reduced pressure to obtain 1.5 g (yield: 60%) of N-[3-(dimethyl- 
amino)]propyl-N , -(3-morpholino)propyl-carbodiimide (Compound (2) in the following reaction formula (1)). Its boiling 
.point (b.p.) was from 125 to 128°C/0.2 mmHg. NMR spectrum data of Compound (2) are shown below. 
1 H-NMR (CDCI3): 5 = 1.70-1 .80 (m, 4H), 2.22 (s, 6H), 2.30-2.50 (m, 8H), 3.27 (t, 2H), 3.29 (t, 2H), 3.71 (t, 4H). 

30 (3) Synthesis of fluorescent group-containing carbodiimide compound 

N-[3-(dimethylamino)]propyl-N'-(3-morpholino)propyl -carbodiimide (Compound (2)) was dissolved in 10 ml of dry 
. dimethylformamide, and 1 35 mg (0.5 mmol) of 4-bromomethyl-7-methoxycoumarin (Dojin Kagaku) was further added 
thereto, followed by stirring at room temperature over a day and a night. Then, dimethylformamide was distilled off 
35 under reduced pressure and the resulting pale yellow powder was dissolved in 3 ml of methanol. Diethylether was 
added thereto to reprecipitate and 250 mg (yield: 94%) of a fluorescent group-containing carbodiimide compound 
(Compound (3) in the following reaction formula (1)) was obtained. NMR spectrum data of this compound are shown 
below. 

1 H-NMR (DMSO-d 6 ): 5= 1.60-1.70 (m, 2H), 1.90-2.10 (m, 2H), 2.30-2.40 (m : 6H), 3.09 (s, 6H), 3.20-3.40 fm, 6H), 
40 3.56 (t, 4H), 3.89 (s, 3H), 4.72 (s, 2H). 6.66 (s, 1H), 7.01 (dd. 1H), 7.10 (d, 1H),8.13(d. 1H). 

(4) Synthesis of quaternary salt of fluorescent group-containing carbodiimide compound 

In 5 ml of dry dimethylformamide was dissolved 1 90 mg (0.3 mmol) of the fluorescent group-containing carbodiimide 
45 compound (Compound (3)). After adding 56 mg (0.3 mmol) of methyl p-toluenesulfonate, the resulting mixture was 
stirred at room temperature over a day and a night. Dimethyl-formamide was distilled off under reduced pressure, and 
the resulting pale yellow powder was dissolved in 3 ml of methanol. Diethylether was added thereto to reprecipitate 
, and 230 mg (yield: 93%) of a quaternary salt of the fluorescent group-containing carbodiimide compound (Compound- 
1 in the folbwing reaction formula (1 )) was obtained. NMR spectrum data of this compound are shown below. 
so 1 H-NMR (DMSO-d 6 ): 5 = 1.80-2.10 (m, 4H), 2.29 (s, 3H), 3.08 (s, 6H), 3.14 (s. 3H), 3.30-3.60 (m, 14H), 3.89 (s, 3H), 
4.72 (s. 2H), 6.65 (s, 1H), 6.93 (dd, 1H), 7.10-7.13 (m, 3H), 7.49 (d, 2H) : 8.12 (d, 1H). 
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1 H-NMR (CDCI 3 ): 8 = 0.82 (s, 6H), 1.40-1.50 (m, 2H). 1.90-2.00 (m, 2H), 3.68-3.73 (m, 2H), 7.90-8.20 (m. 8H). 8.70 
(bs, 1 H). 

(2) Synthesis of fluorescent group-containing carbodiimide compound 

In 25 ml of acetone was dissolved 0.2 g (0.55 mmol) of the fluorescent group<ontaining thiourea compound (Com- 
pound (1 )). Further, 0.24 g (1.1 mmol) of mercury oxide was added, and the resulting mixture was stirred for 2 hours 
under reflux. The reaction mixture was allowed to cool and filtered to remove inorganic matters. Then, 0 24 g (1 1 
mmol) of mercury oxide was further added to the filtrate, and the resulting mixture was stirred for 1 .5 hours under reflux 
Afterthe reaction mixture was allowed to cool and filtered, the filtrate was concentrated and petroleum ether was added 
to the remaining viscous liquid to separate the petroleum ether layer. Petroleum ether was distilled off under reduced 
pressure to obtain the fluorescent group-containing carbodiimide (Compound (2) in the following reaction formula (2)) 
NMR spectrum data of this compound are shown below. 

^-NMR (CDCI 3 ): 5 = 1.90-2.00 (m, 2H), 2.24 (s, 6H), 2.47 (t, 2H), 3.62 (t, 2H), 7.80-8.20 (m, 8H), 8.48 (d, 1H). 

(3) Synthesis of quaternary salt of fluorescent group-containing carbodiimide compound 

In 2 ml of dry dimethylformamide was dissolved 1 00 mg (0.3 mmol) of the fluorescent group-containing carbodiimide 
compound (Compound (2)). After adding thereto 1 00 mg (0.6 mmol) of methyl p-toluenesulfonate, the resulting mixture 
was stirred at room temperature over a day and a night. Dimethylformamide was distilled off under reduced pressure 
and the resulting pale yellow powder was dissolved in 2 ml of methanol. Diethylether was added thereto to reprecipitate 
and 130 mg (yield: 87%) of a quaternary salt of the fluorescent group-containing carbodiimide compound (Compound- 
2 in the followmg reaction formula (2)) was obtained. NMR spectrum data of this compound are shown below. 
1 H-NMR (DMSO-d 6 ): 5= 2.10-2.20 (m, 2H). 2.28 (s, 3H), 3.13 (s, 9H), 3.40-3.50 (m, 2H), 3.78 (t, 2H) 7 11 (d 2H) 
7.50 (d, 2H), S.00-8.40 (m. 9H). ' ' 1 ' * 
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A fluorescent group-containing carbodiimide compound of the present invention was synthesized in the following 
manner. This reaction was shown in the following reaction formula (3). 
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In 3 ml of dry dimethylformamide was dissolved 0.25 g (0.57 mmol) of Compound (5) thus obtained. Further, 0.18 
ml (1.2 mmol) of methyl p-toluenesulfonate was added thereto to react overnight at room temperature. The solvent 
was distilled off under reduced pressure to the extent that the residue was not dried completely and diethyl ether was 
added to obtain 0.34 g (yield: 96%) of viscous yellow solid (fluorescent group -containing carbodiimide compound- 
Compound-3 in the following reaction formula (3)). NMR spectrum data of this compound are shown below. 
!H-NMR (DMSO-d 6 ): 5= 1.40-1.85 (m : 8H), 2.55 (t, 2H), 3.05 (s, 9H), 3.05-3.10 (bs, 2H), 3.25-3 40 (m 4H) 7 10 (d 
2H), 7.50 (d, 2H), 8.00-8.40 (m, 9H), 10.30 (s, 1H). ' 
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EXAMPLE 4 

A fluorescent group-containing carbodiimide compound of the present invention was synthesized in the following 
manner. This reaction was shown in the following reaction formula (4). 

5 

(1) Synthesis of thiourea compound 

To 10 ml of dry methylene chloride was added 1 .44 g (1 0 mmol) of 3-(dimethylaminopropyl)isothiocyanate. Further 
1 .2 ml (10 mmol) of N,N-dimethyl-1 ,3-propanediamine was added under stirring at room temperature. The mixture was 
10 continuously stirred overnight at room temperature. Then, water was added to the reaction mixture, and extraction was 
carried out with methylene chloride three times. After dried over anhydrous magnesium sulfate, the mixture was con- 
centrated to obtain 2.06 g (yield: 84%) of the desired thiourea compound (Compound (1) in the following reaction 
formula (4)). NMR spectrum data of this compound are shown below. 

1 H-NMR (CDCI 3 -d 6 ): (5 = 1 .75 (t 4H), 2.25 (s, 12H), 2.30 (t, 4H), 3.20-3.80 (bs, 4H). 8.00-9.40 (bs, 2H). 

(2) Synthesis of carbodiimide group-containing compound 

In 12 ml of acetone was dissolved 1.0 g (4 mmol) of Compound (1) thus obtained. Further, 1.73 g (3 mmol) of 
mercury oxide was added. After reaction for 3 hours under reflux, the reaction mixture was cooled in ice and the 
20 insoluble matters were removed by filtration. The reaction mixture was concentrated and petroleum ether was added 
thereto to remove the insoluble matters again by filtration. The filtrate was concentrated to obtain 0.75 g (yield: 89%) 
of the carbodiimide. group-containing compound (Compound (2) in the following reaction formula (4)). NMR spectrum 
data of this compound are shown below. 

1 H-NMR (CDCI 3 -d 6 ): 5 = 1.65-1.80 (m, 4H), 2.25 (s, 12H), 2.35 (t, 4H), 3.25 (t, 4H). 

25 

(3) Synthesis of fluorescent group-containing carbodiimide compound 

In 5 ml of dry dimethylformamide was dissolved 0.2 g (1 mmol) of Compound (2) thus obtained. Further, 0.54 g (2 
mmol) of 4-bromomethyl-7-methoxycoumarin was added thereto, followed by stirring at room temperature for 2 days. 
30 Dimethylformamide was distilled off under reduced pressure and the resulting yellow powder was dissolved in a small 
amount of methanol. Diethyl ether was added to reprecipitate it to obtain 0.69 g (yield: 92%) of the fluorescent group- 
containing carbodiimide compound (Compound-4 in the following reaction formula (4)). NMR spectrum data of this 
compound are shown below. 

1 H-NMR (DMSO<J 6 ): 5 = 2.00-2.10 (m : 4H), 3.10 (s, 12H), 3.35-3.40 (t, 4H), 3.55-3.70 (m, 4H), 3.90 (s, 6H), 4 80 (s 
35 4H), 6.70 (s, 2H), 7.00 (dd, 2H), 7.10 (d, 2H), 8.20 (d, 2H). 



40 



45 



50 



55 



27 

X3CID: <EP 0808829A1_I_> 



EP 0 808 829 A1 



EXAMPLE 5 

A fluorescent group-containing carbodiimide compound of the present invention (thiazole orange group-containing 
carbodiimide compound) was synthesized in the following manner. This reaction is shown in the following reaction 
5 formula (5). In the reaction formula (5), Et stands for an ethyl group. 

(1) Synthesis of Compound (1) in the reaction formula (5) 

To 3.0 ml (24 mmo!) of 2-methylthiazole was added 3.6 ml (24 mmol) of methyl p-toluenesulfonate. The mixture 
*0 was allowed to react at 160°C for 1 hour. After cooling to room temperature, crystals thus formed were dissolved in a 
mixed solvent of chloroform and methanol. This solution was poured into a large volume of diethyl ether, and crystals 
thus precipitated were isolated by filtration to obtain 7.8 g of the desired compound (Compound (1) in the reaction 
formula (5)). NMR spectrum data of Compound (1 ) thus obtained are shown below. 

1 H-NMR ( DMSO-d 6 ): 5 = 3.05 (s, 3H). 4.10 (s, 3H), 6.95 (d, 2H), 7.35 (d, 2H), 7.70 (t, 1H). 7.75 (t, 1H), 8.15 (d, 1H), 
is 8.35 (d, 1H). 

(2) Synthesis of Compound (2) in the reaction formula (5) 

To 1 .0 g (6. 1 mmol) of 4-chloroquinoline was added 5 ml (43 mmol) of 1 ,3-diiodopropane. The mixture was allowed 
20 to react 120 for 1 hour. After cooling to room temperature, crystals formed were added to chloroform to crush into 
powder and filtered under reduced pressure. The resulting crystals were washed with ethylene chloride and allowed 
to air-dry to obtained 2.4 g of the desired compound (Compound (2) in the reaction formula (5)). NMR spectrum data 
of Compound (2) thus obtained are shown below. 

1 H-NMR (DMSO-d 6 ): 5 = 2.40-2.60 (m, 2H), 3.40 (t, 2H), 5.05 (t, 2H), 8.15 (t, IH), 8.35 (t, 1H), 8.45 (d, 1H), 8.60 (d, 
25 1H). 3.90 (d, 1H), 9.15 (d, 1H). 

(3) Synthesis of Compound (3) in the reaction formula (5) 

30 ml of methylene chloride was added to 1 0 g (3.0 mmol) of Compound (1 ) and 1 .37 g (3.0 mmol) of Compound 
30 (2) to give a suspension and 0.42 ml (3.0 mmol) of triethylamine was added thereto. After allowing the mixture to react 
overnight, undissolved crystals were separated by filtration, and water was added to the filtrate, followed by stirring for 
a while. Crystals thus precipitated were isolated by filtration, and the crystals were dissolved in a mixed solvent of 
chloroform and methanol. This solution was poured into a large volume of diethyl ether, and crystals thus precipitated 
were separated by filtration to obtain 0.5 g of the desired compound (Compound (3) in the reaction formula (5)). NMR 
35 spectrum data of this compound are shown below. 

'H-NMR (DMSOd 6 ): 5= 2.30-2.50 (m : 2*H), 4.00 (s, 3H), 4.65 (t, 2H), 6.90 (s, 1H), 7.35 (d, 1H), 7.40 (t, 1H), 7.60 (t, 
1H), 7.70-7.80 (m, 2H), 7.95-8.15 (m, 3H), 8.60 (d, 1H), 8.80 (d, 1H). 

(4) Synthesis of thiazole orange group-containing carbodiimide compound 

40 

In 7 ml of dimethylformamide was dissolved 0.20 g (0.34 mmol) of Compound (3). 3 ml of a solution of 0.20 g (1.4 
mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide in dimethylformamide was added thereto and stirred over- 
night. After the solvent was distilled off under reduced pressure, the residue was redissolved in a small amount of 
dimethylformamide. This solution was poured into a large volume of diethyl ether, and crystals thus precipitated were 
45 separated by filtration to obtain 0.24 g of desired thiazole orange group-containing carbodiimide compound (Com- 
pound-5 in the reaction formula (5)). NMR spectrum data of this compound are shown below. 

1 H-NMR (DMSO-d 6 ): 5= 1.05 (t, 3H),. 1 .80-1,95 (m, 2H), 2.15-2.30 (m, 2H), 3.00 (s, 6H), 3.15 (q, 2H), 3.45-3.60 (m, 
2H), 3.90 (s, 3H), 4.45-4.60 (m, 2H), 6.80 (s, 1H), 7.15 (d, 1H), 7.30 (t, 1H), 7.45 (t, 1H), 7.45-7.70 (m, 2H), 7.80-7.95 
(m, 2H), 8.05 (d, 1H) t 8.55 (d : 1H), 3.70 (d, 1H). 
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(2) Synthesis of 5-amino-1,10-phenanthroline (Compound (2)) 

In 3.0 ml of acetic acid was dissolved 1.37 g (5.8 mmol) of 5-nitro-1,10-phenanthroline. A solution prepared by 
dissolving 1.08 g (4.8 mmol) of stannic chloride (II) dihydrate in 2.2 ml of concentrated hydrochloric acid was added 
dropwise thereto, followed by stirring at 100°C for 2 hours. The reaction mixture was made alkaline with a NaOH 
aqueous solution and extracted with chloroform. After chloroform was distilled off under reduced pressure, a yellow 
solid was obtained. This was recrystallizedfrom tetrahydrofurane-hexane to obtain 0.75 g (66%) of the desired 5-amino- 
1 ,1 O-phenanthroline (Compound (2)). 

1 H-NMR (CDCI 3 ): 5 = 6.95 (s, 1H), 7.50 (m, 1H), 7.65 (m, 1H), 7.98 (d, 1H) : 8.28 (d, 1H), 6.95 (d, 1H), 9.20 (d, 1H). 

(3) Synthesis of Compound (3) 

13 ml of thionyl chloride was added to 0.54 g (2.8 mmol) of 6-bromohexanoic acid and stirred at room temperature 
for 4 hours. Thionyl chloride was distilled off under reduced pressure to obtain a transparent liquid. 5 ml of methylene 
chloride was added thereto. The thus prepared solution was added to 25 ml of methylen chloride solution of 0.33 g 
(1.7 mmol) of 5-amino-1 ,10-phenanathroline and 0.45 ml (3.3 mmol) of triethylamine under atmosphere of argon and 
the mixture was stirred at room temperature for 4 hours. Then, 20 ml of distilled water was added to the reaction mixture 
to carry out extraction, the organic layer was washed with saturated sodium hydrogencarbonate solution and saturated 
sodium chloride solution, and dried over magnesium sulfate. After filtration, the solvent was distilled off under reduced 
pressure to obtain an oily fraction. This was purified by silica gel column chromatography (chloroform-methanol system) 
to obtain 0.53 g (84%) of the desired Compound (3). 

1 H-NMR (CDCI3): 5 = 1.36-1.44 (m, 2H), 1.63-1.70 (m, 2H), 1.73-1.80 (m, 2H), 2.43 (t, 2H), 3.33 (t, 2H), 7 28-7 32 (m 
1 H), 7.37-7.42 (rn, 1 H), 7.70 (s, 1 H), 7.84 (d, 1 H), 8.31 (d, 1 H), 8.87 (s, 1 H), 9.44 (s, 1 H). 

(4) Synthesis of Compound (4) 

2 g (37 mmol) of sodium methoxide was added to 10 ml of dry ether and 1.5 g (10 mmol) of ethyl trifluoroacetate 
was added dropwise thereto. Then, 1.3 g (10 mmol) of 2-acetylthiophene was added and stirred for 12 hours. After 
the solvent was distilled off, the residue was dried, 9.3 ml of 10% sulfuric acid was added and stirred to precipitate the 
desired product. Crystals were separated by filtration, and subjected to recrystallization from ethanol twice, to obtain 
1 .1 g (49%) of colorless needle crystals of 2-thenoyltrifluoroacetone. 
1 H-NMR (CDCI3): 5= 6.45 (s, 2H), 7.20 (t, 1H), 7.75 (d, 1H). 7.83 (d. 1H). 

20 ml of 95% ethanol was added to 0.67 g (3 mmol) of 2-thenoyltrifluoroacetone and 0.37 g (1 mmol) of Compound 
(3) to dissolve by heating. Then, 3 ml of IN aqueous solution of sodium hydroxide was added for neutralization. 10 ml 
of aqueous solution of 0.37 g (1 mmol) of europium chloride hexahydrate was added to the above solution with heating 
at about 60°C. After cooling, the purified complex was separated and washed with water containing a small amount 
of ethanol several times. Thereafter, this solution was dissolved in a mixed solvent of ethanol and acetone under 
heating. The resulting solution was filtered, and the solvent was concentrated to about 1/5 of the starting amount. After 
allowing the resulting concentrate to stand overnight, crystals precipitated were separated by filtration; washed with 
ethanol aqueous solution, dried, and allowed to stand in a desiccator containing phosphorus pentoxide for one day, to 
thereby obtain 0.76 g (64%) of the desired Compound (4). 

1 H-NMR (CDCI3): 5 = 1.36-1.44 (m, 2H), 1.63-1.70 (m, 2H), 1.73-1.80 (m, 2H), 2.43 (t, 2H), 3.33 (t, 2H), 3 42 (s 3H) 
7.22 (t, 3H), 7.80 (d, 3H), 7.88 (d, 3H), 8.43-8.47 (m, 1 H), 8.57-8.62 (m, 1 H), 8.90 (s, 1 H), 9.05 (d, 1 H) 9 50 (d 1 H)' 
10.28 (s, 1H), 10.40 (s, 1H). ' 

(5) Synthesis of florescent rare earth metal chelate-containing carbodiimide compound (Compound-6) 

In 10 ml of dimethylformamide was dissolved 0.48 g (0.4 mmol) of Compound (4). 1 ml of dimethylformamide 
solution of 0.10 g (0.7 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide was added thereto and stirred over- . 
night. After the solvent was distilled off under reduced pressure, the residue was redissolved in a small amount of 
dimethylformamide. This solution was poured into a large volume of diethyl ether, and crystals precipitated were sep- 
arated by filtration to obtain 0.43 g (80%) of the desired florescent rare earth metal chelate-containing carbodiimide 
compound (Compound-6 in the following reaction formula (6)). 

1 H-NMR (CDCI 3 ): 5 = 1.10 (t, 3H), 1.36-1.44 (m, 2H), 1.63-1.70 (m, 2H), 1.73-1.80 (m, 2H), 1.90-2.00 (m, 2H). 2 43 (t 
2H). 3.20-3.60 (m. 17H), 7.22 (t, 3H), 7.80 (d, 3H). 7.98 (d, 3H), 8.43-847 (m. 1H), 8.57-8.62 (m, 1H), 8 90 (s 1H) 
9.05 (d t 1H), 9.50 (d, 1H), 10.28 (s, 1H), 10.40 (s, 1H). 
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under reduced pressure, and the resulting reaction mixture was purified by silica get column chromatography to obtain 
1 .40 g of Compound (1 ). NMR spectrum data of this compound are shown below. 

1 H-NMR (CDCI 3 ): 5 = 1 .05-1 .25 (m. 4H), 1 .25-1 .45 (m, 4H). 2.30 (s, 1 H), 2.80 (s. 6H), 2.80 (t. 2H) 3 30 (1 2H) 5 40 
(t, 1H). 7.10 (d, 1H), 7.55 (dd, 2H), 8.20 (d, 1H). 8.35 (d, 1H), 8.55 (d. 1H). 

(2) Synthesis of Compound (2) " " 

In 10 ml of dimethyifonmamide was dissolved 0.22 g (0.6 mmol) of Compound (1). Further, 0.9 g (2.0 mmol) of 
methyl triphenoxyphosphonium iodide was added thereto, and the resulting mixture was stirred overnight with the 
container protected from light. Then, 5 m! of methanol was added thereto, followed by stirring for 10 minutes, and the 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatography to 
obtain 0. 1 2 g of Compound (2). 

1 H-NMR (CDCI3): 5= 1.05-1.25 (m, 4H), 1.35 (t : 2H), 1.60 (t, 2H), 2.90 (s, 6H), 2.90 (t, 2H), 3.05 (t, 2H), 4 95 (t 1H) 
7.10 (d, 1H), 7.55 (dd, 2H), 8.25 (d, 1H), 8.35 (d, 1H), 8.55 (d, 1H). 

(3) Synthesis of Compound-7 

In 5 ml of dimethylformamide was dissolved 0.11 g (0.24 mmol) of Compound (2). Further, 0.10 g (0.64 mmol) of 
1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide was added thereto, followed by stirring overnight. The solvent was dis- 
tilled off under reduced pressure, and the residue was dissolved in a small amount of methylene chloride to add dropwise 
slowly into a large volume of hexane. The crystals thus precipitated were separated by filtration and dried to obtain 
0.11 g of Compound-7 which is the desired product. 

1 H-NMR (CDCI3): &= 1.10 (t, 3H), 1.10-1.55 (m : 6H), 1.70 (t, 2H), 1.95 (t, 2H), 2.85 (s, 6H), 3.10-3 60 (m 16H) 6 40 
(t, 1H), 7.20 (d, 1H), 7.55 (dd, 2H), 3.20 (d, 1H), 8.40 (d, 1H), 8.50 (d, 1H). 
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arated by filtration and dried to obtain 5.0 g of Compound (2). 

1 H-NMR (CDCI 3 ): 8 = 2.25 (s, 3H), 3.05 (s, 3H), 3.95 (s, 3H), 7.10 (d, 2H), 7.45 (d, 2H), 7.60-7.75 (m. 2H), 8 00-8.10 
(m, 2H). 

5 (3) Synthesis of Compound (3) 

To 1 .0 g (7.0 mmol) of 4-methylquinoline was added 5 ml of propyl 1 ,3-diiodide, followed by stirring at 120°C for 
1 hour. After allowing the mixture to cool to room temperature, 20 ml of ethyl acetate was added to the caking reaction 
mixture, followed by stirring for a while, and the supernatant was removed. Chloroform was added to the residue, 
10 followed by stirring for a while, to dissolve once. Further stirring for 1 hour formed yellow crystals. Ethyl acetate was 
added thereto, followed by stirring for a while, and the crystals were separated by filtration and dried to obtain 2.74 g 
of Compound (3). 

1 H-NMR (DMSO-d 6 ): 5 = 2.50 (t, 2H), 3.00 (s. 3H), 3.30 (s, 3H), 3.35 (t, 2H), 5.00 (t, 2H), 8.05 (m, 2H), 8.25 (t, 1H), 
8.60 (t, 2H). 9.35 (d, 1H). 
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(4) Synthesis of Compound (4) 



In 8 ml of methylene chloride were dissolved 1 .0 g (2.8 mmol) of Compound (2) and 1 .3 g (3.0 mmol) of Compound 
(3), and 0.4 ml (2.8'mmol) of triethylamine was added thereto, followed by stirring at room temperature overnight. 
20 Methanol was added to the reaction mixture, followed by stirring for a while, and the residual crystals were separated 
by filtration to obtain 0.91 g of Compound (4) as orange crystals. 

1 H-NMR (DMSO-d 6 ): 5 = 2.40 (t, 2H), 3.35 (s, 3H), 3.35 (t, 2H), 3.95 (s, 3H), 4.60 (t, 2H), 6.25 (s, 1H), 7.35-8.10 (m, 
8H), 8.40 (d, 1H),8.75 (d, 1H). 

25 (5) Synthesis of Compound-8 

To 20 ml of adimethylformamide solution of 0.17 g (1.1 mmol) of 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide 
was added 0.50 g. (0.9 mmol) of Compound (4), followed by stirring overnight. The solvent was distilled off under 
reduced pressure, and the residue was redissolved in a small amount of dimethylformamide. This solution was poured 
30 into a large volume of diethyl ether, and the crystals thus precipitated were separated by filtration to obtain 0.36 g of 
Compound-8 which is the desired product. 

^-NMR (DMSOd 6 ): 5= 1.15 (t, 2H). 1.95 (t, 2H), 2.30 (t, 2H), 3.05 (s, 6H), 3.25 (q, 2H), 3.30-3.40 (m, 4H), 3.45-3.60 
(m, 2H), 3.90 (s, 3H), 6.30 (s, 1H), 7.40-8.20 (m f 8H), 8.45 (d, 1H), 8.80 (d, 1H). 
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1 H-NMR (DMSO-d 6 ): 5 = 1.25-1.60 (m, 8H), 3.25-3.45 (m, 4H), 3.89 (s, 3H), 3.90 (s, 3H) 4 40 ft 1H) 7 60 (s 1H> 
7.70(s, 1H), 8.00 (d,2H), 8.10 (d, 2H). 8.60 (t, 1H). l " h ' X % h 

(2) Synthesis of Compound (3) 

In 5 ml of dimethylformamide was dissolved 0.12 g (0.3 mmol) of Compound (2). Further, 0.25 g (0.6 mmol) of 
methyl triphenoxyphosphonium iodide was added thereto, and the resulting mixture was stirred overnight with the 
container protected from light. Then, 5 ml of methanol was added thereto, followed by stirring for 10 minutes, and the 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatography to 
obtain 0. 1 3 g of Compound (3). 

'H-IMMR (CDCI 3 ): 5= 1.35-1.55 (m, 4H), 1.60-1.75 (ra 2H), 1.80-1.95 (m, 2H), 3.20 (t, 2H), 3.45 (q, 2H) 395 (s 6H) 
6.25 (t, 1 H), 7.35 (s, 1 H), 7.55 (s, 1 H), 7.85 (d, 2H), 8.05 (d, 2H). 

(3) Synthesis of Compound-9 

To 3 ml of a dimethylformamide solution of 0.04 g (0.25 mmol) of 1 -ethyl-3-(3-dimethylaminopropyl) carbodiimide 
was added 0.10 g (0.2 mmol) of Compound (3), followed by stirring overnight. The solvent was distilled off under 
reduced pressure, and the residue was redissolved in a small amount of dimethylformamide. This solution was poured 
into a large volume. of diethyl ether, and the crystals thus precipitated were separated by filtration to obtain 0.05 g of 
Compound-9 which is the desired product. 

1 H-NMR (CDCI 3 ): 8= 1.20 (t, 3H), 1.30-2.00 (m, 10H), 3.25 (q, 2H), 3.30 (s, 26H), 3.40-3.60 (m, 8H) 3 92 (s 3H) 
3.95 (s, 3H), 7.20 (s, 1H), 7.45 (s, 1H), 7.55 (t, 1H), 8.05 (dd, 4H). 
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EXAMPLE 11 

35 A fluorescent group-containing carbodiimide compound of the present invention was synthesized in the following 

mariner. This reaction was shown in the following reaction formula (11). 

(1) Synthesis of Compound-11 

-to To 0.10 g (0.6 mmol) of 1-ethyi-3-(3-dimethylaminopropyl)carbodiimide was added 5 ml of a dimethylformamide 

solution of 0.17 g (0.4 mmol) of a commercial IANBD ester (Funakoshi Co.), and the resulting mixture was stirred 
overnight with the container protected from light. The solvent was distilled off under reduced pressure, and the residue 
was redissolved in a small amount of dimethylformamide. This solution was poured into a large volume of diethyl ether 
and the crystals thus precipitated were separated by filtration to obtain 0.04 g of Compound-11 which is the desired 

45 product. 

!H-NMR (DMSO-d 6 ): 5 = 1.20 (t, 3H), 1.80-1.95 (m, 2H), 3.15 (s, 6H), 3.20-3.60 (m, 9H), 4.35 (s, 2H), 4.40-4.60 (m, 
4H), 6.50 (d r 1H), 8.50 (d, 1H). ^ . • 



so 
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(4) Elimination of unreacted fluorescence-labelled DNA 

The fluorescence-labelled DNA which did not form hybrid with the heat-denatured DNA immobilized on the plate 
was eliminated in the following manner. 

After removing the hybridization solution in each well, 2 x SSC, and 150 uJ of 0.1% aqueous solution of sodium 
dodecylsulfate were added, and the plate was shaken at room temperature for 5 minutes using a plate mixer. The 
same procedure was repeated two more times. The solution in the wells were discarded, and 300 ul of 2 x SSC was 
added, followed by allowing the plate to stand at room temperature for 5 minutes. 

(5) Detection of hybrid nucleic acid 

To each well were added 50 mM sodium phosphate buffer (pH 7.0) and 100 uJ of 1.5 M NaCI, and fluorescence 
intensity was measured respectively using a fluorescence plate reader (Fluorite 1000: manufactured by Dynatec Co ) 
to determine the amount to be needed for detection (ng/weil) of each compound. 

As a filter, the one suitable for the excitation wavelength of the fluorescent substances and the fluorescence wave- 
length was used, respectively. The results are shown in the following table 1 . 

Table 1 



Compound 


Limit of detection (ng/we!l) 


1 


4.8 


2 


! 480 


3 


480 


4 


4.8 


5 


48 


6 


4.8 


7 


48 


8 


48 


9 


48 


10 


48 


11 


480 



EXAMPLE 14 

Using the fluorescence-labelled DNA of the present invention, another example of hybridization was carried out 
by a microliter plate method in the following manner. 

(1) Immobilization of nucleic acid on the plate 

Serial decimal dilutions of phage DNA (replicative form of M13mp18) linearized with a restriction enzyme (Hindlll) 
was prepared using 2M NaCI so as to give 480 ng - 4.8 pg/100 uJ. The dilutions were heat-treated at 100°C for 10 
minutes and then quenched on ice for 5 minutes to obtain heat<Jenatured nucleic acid. The thus obtained heat<Jena- 
lured nucleic acid in various concentrations was added to each well of the black microliter plate for luminescence and 
coloring (Sumitomo bakelite Co.) and the plate was sealed and incubated at 37°C for 12 hours to effect immobilization. 

(2) Prehybridization 

The plate in which the heat-denatured nucleic acid was thus immobilized was washed with distilled water and 1 00 
Hi of a solution for prehybridization was added to each well. The plate was sealed and incubated at 60°C for 1 5 hours 
The prehybridization solution used had the following composition : 5 x SSC, 5 x Denhardt's solution, 25 mM sodium 
phosphate buffer (pH 6.5), 50% formamide, and 0.5 mg/ml yeast transfer RNA. 

(3) Hybridization 

The prehybridization solution in the plate was discarded and a 100 ul portion of a hybridization solution was added 
to each well, followed by incubation at 42°C for 12 hours. The hybridization solution had the following composition ■ 5 
x SSC, 1 x Denhardt's solution, 25 mM sodium phosphate buffer (pH 6.5), 45% formamide, 0.2 mg/ml yeast transfer 
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mM NaCI were added to a filter cup to centrifuge at 5,000 rpm for 10 minutes. After repeating the same procedure, the 
residue was transferred to an Eppendorf tube and 100 mM sodium phosphate buffer (pH 7.6) and 50 mM NaCI were 
added thereto to give a 0.1 M solution. The resulting solution was kept at 4°C. 

s (2) Immobilization of IgG on the membrane 

Ten-fold serial dilutions of rabbit IgG were prepared using buffer A solution in the range from 100 ng/uJ to 1 pg/ul. 
1 uJ of each IgG dilutions was dot blotted on PBDF (polyvinylidene fluoride) membrane (Millipore) and dried at 37°C 
for 10 minutes to immobilize IgG on the membrane. Then, the resulting IgG-immobilized membrane was immersed in 
io buffer B solution and allowed to stand for 30 minutes to effect blocking. 

Buffer A solution was containing 0.2 M NaCI, 0.1 M Tris-HCI (pH 7.5), and 0.05% Triton-X-100. Buffer B solution 
was composed of buffer A solution supplemented with 3% BSA. 

(3) Antigen-antibody reaction 

15 . ■ .- 

The membrane was taken out from the buffer B solution and immersed in the reaction solution with shaking with 
a shaker at room temperature for 30 minutes. The reaction solution used was composed of 10 ml of buffer A solution 
and 10 ul of 4 u.g/u.1 fluorescence-labelled anti-rabbit IgG. The fluorescence-labelled anti-rabbit antibody used was 
obtained by the method described in the (1 ) above. 

20 

(4) Elimination of unreacted fluorescence-labelled anti-rabbit antibody 

The unreacted fluorescence-labelled anti-rabbit antibody which did not react with the immobilized antibody v*as 
removed by carrying out the washing procedure three times wherein the reacted membrane was immersed in buffer 
25 a solution with shaking at room temperature for 5 minutes. 

(5) Detection of rabbit IgG by florescence 

The membrane wet with buffer A solution was put into a UV box to irradiate ultraviolet light (254 nm). As a result, 
30 1 pg of rabbit IgG was detected. 

The Use of the fluorescent group-containing carbodiimide compound of the present invention makes it possible to 
carry out highly sensitive nucleic acid detection and immunoassay with simple operation. 



35 Claims 

1. A fluorescent group-containing carbodiimide compound represented by the formula (I): 

40 B-Y 3 -N=C=N-Y 2 -W-Y 1 ^A] n -F (I) 

wherein 

F represents a fluorescent group; 
45 A represents a moiety selected from the group consisting of -CH^-, -NHCO-, -CONH-, -O, -S-, -NR-, wherein 

R is an alkyl group, -COO-, -OCO-, -NHS0 2 -, and - S0 2 NH-; 
n is 0 or t; 

W represents a direct bond or a quaternary ammonium group; 
Y 1 , Y 2 and Y 3 each represents a group having the formula (L): 

so 

-(CH 2 ) p -L-(CH 2 ) q - (L) 

wherein L is a direct bond or a moiety selected from the group consisting of -NHCO-, -CONH-, -O-, -S-, -NR-, 
55 -N+RR-, wherein R' is an alkyl group, -COO-, and -OCO-; 

p and q each represents an integer of from 1 to 1 2; and 

B represents a hydrogen atom or a monovalent organic group which may be the same as or different from 
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Me °WN /=\ O H 



MeO 






(F) 



wherein M is EiP+, Sm3\ or Tb3+ 

A process for producing the fluorescent group-containing carbodiimide compound as claimed in Claim 2, which 
comprises a step of reacting a carbodiimide group-containing compound represented by the formula (VI): 
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wherein A, B, F, Z, Y 2 , and Y 3 have the same definition as in the formulae (XI) and (XII). 

10. A method for detecting a nucleic acid by hybridization using a labelled nucleic acid, wherein the fluorescent group- 
containing carbodiimide compound as claimed in Claim 1 is used as the label. 

5 

11. A method for immunoassay using a labelled antigen or a labelled antibody, wherein the fluorescent group-contain- 
ing carbodiimide compound as claimed in Claim 1 is used as the label. 

12. A method for peroxalate ester chemiluminescence assay utilizing chemiluminescence due to a reaction between 
10 an oxalic acid derivative and a peroxide in the presence of a fluorescent substance, wherein the fluorescent sub- 
stance is the fluorescent group-containing carbodiimide compound as claimed in any of Claims 1 to 6 having the 
fluorescent moiety selected from the group consisting of a coumarin derivative, a pyrene derivative, a perylene 
derivative, a rhodamine derivative : a dansyl derivative, an oxazole derivatives thiazole orange derivative, a cy- 
anine compound, a benzothiazole derivative, a benzoxazole derivative, a benzoxadiazoi derivative, a dipyrrometh- 

15 ene borondifluoride derivative, and a fluorescent rare earth metal chelate compound. 
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